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ZIN Technologies ACRONYM Definition
ARED Advanced Resistive Exercise Device

ATV Automated Transfer Vehicle
BASS Burning And Suppression of Solids

CASIS Center for the Advancement of Science in Space
CEVIS Cycle Ergometer with Vibration Isolation System
CIR Combustion Integrated Rack
FIR Fluids Integrated Rack
GRC Glenn Research Center
HiRAP High Resolution Accelerometer Package
ISS International Space Station
JAXA Japan Aerospace Exploration Agency
MAMS Microgravity Acceleration Measurement System
MSG Microgravity Science Glovebox
NASA National Aeronautics and Space Administration
OARE Orbital Acceleration Research Experiment
0SS OARE Sensor Subsystem
PCSA Principal Component Spectral Analysis
PIMS Principal Investigator Microgravity Services
PSD Power Spectral Density
RMS Root Mean Square
RTS Remote Triaxial Sensor
SAMS Space Acceleration Measurement System
SE Sensor Enclosure
T2 Treadmill 2
TB Terabytes
TSH-ES Triaxial Sensor Head Ethernet Standalone
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« NASA GRC - continued goal of providing timely and readily accessible

acceleration data, along with archival and analysis services for scientific
payloads, structural dynamics monitoring, and technology developers.




(/ ) National Aeronautics and Space Administration (NASA) Glenn Research Center 7
Capabilities and Services @

« SAMS - the Space Acceleration Measurement System:

» has ability to instrument and measure local vibratory regime in all 3
of the ISS labs, including throughout the USL ( 0.01 <f <300 Hz).

» given approval for upgrading the control unit, which provides a more
robust, long-term solution for continued life-cycle support of the ISS.
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« MAMS - the Microgravity Acceleration Measurement System:
» measures the quasi-steady acceleration regime (f < 0.01 Hz ).
» data can be mapped to any location (rigid-body assumed).
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« PIMS - the Principal Investigator Microgravity Services team maintains
the acceleration data from the ISS and provides analysis and related
services for investigators, sustaining engineering, and the microgravity
community at-large.
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stream acceleration
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24X (

SAMS & MAMS

stream acceleration
data from the ISS

to NASA GRC

Glenn Research Center
Léwis Field L il

S« TR

Web access to: near real-time
displays, acceleration archives, and
tailored off-line requests

http://pims.grc.nasa.gov
")

pimsops@grc.nasa.gov
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Capabilities and Services

Start Date = 5/3/2001
Stop Date = 11/23/2012

24x7( Hours ~ 101,328

NASA GRC Sensor Hours > 354,451
SAMS Sensor Hours > 214,911
MAMS Sensor Hours > 139,540

SAMS & MAMS

stream acceleration
data from the ISS

to NASA GRC

Glenn Research Center
Léwis Field \
.

RITHHITHONIT ps

Web access to: near real-time
displays, acceleration archives, and
tailored off-line requests

http://pims.grc.nasa.gov
“)

pimsops@grc.nasa.gov
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Science Support and Customers

NASA'’s Physical Sciences Research Program conducts
fundamental & applied research with experiments in:

Fluid Physics
Combustion Science
Materials Science
Fundamental Physics
Complex Fluids

15
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Science Support and Customers

NASA'’s Physical Sciences Research Program conducts
fundamental & applied research with experiments in:

Fluid Physics
Combustion Science
Materials Science
Fundamental Physics
Complex Fluids

SAMS/MAMS were designed to support these disciplines, and
along with PIMS for analysis, these NASA GRC projects also

serve a role in ongoing support of:
Vehicle Loads and Dynamics Monitoring

Technology Developers
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SAMS RTS (Ethernet Distributed)
(0.01 to 300 Hz) Station Vibratory

MAMS HiRAP
(0.01 to 100 Hz) Station Vibratory

MAMS 0SS
(DC to 1 Hz) Station Quasi-Steady

RRS (0.1 arc/s)
1 sounding rocket, 1 shuttle

TSH-FF (0.01 to 200 Hz)
3 sounding rocket, 2 shuttle

OARE (DC to 1Hz) - 12 shuttle flights

SAMS Project Initiated

Timeline of Acceleration System Deployment

MS TSH-ES (Compact Ethernet Standalone)
(0.01 to 300 Hz) Station Vibratory

7 SAMS Units (0.01
to 100 Hz)
21 Shuttle/MIR Fligh
| % | YRR Rllghie | | I | i i |
1986 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018

YEAR
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Shuttle Missions with SAMS

in 1991 in 2003
SORTED BY CARRIER SORTED BY DATE
CARRIER ACRONYM DATE FLIGHT | ACRONYM PAYLOAD
SLS-1 June 5-14,1991 STS-40 SLS-1 1st Spacelab for Life Sciences
IML-1 August 2-11,1991 STS-43 TDRS deployment
USML-1 January 22-30, 1992 STS-42 IML-1 1st International Microgravity Laboratory
SLJ June 25 - July 9,1992 STS-50 [ USML-1 1st US Microgravity Laboratory
Module IML-2 September 12-20, 1992 STS-47 SL-J Japanese Spacelab
USML-2 October 22 - November 1,1992 | STS-52 | USMP-1 1st US Microgravity Payload
Spacelab TMS June 21 -July 1,1993 STS57 | SH- 15t SPACEHAB
MSL-1 February 3-11, 1994 STS-60 SH-2 2nd SPACEHAB
USMP-1 March 4-18,1994 STS-62 USMP-2 2nd US Microgravity Payload
USMP-2 July 8-23,1994 STS-65 IML-2 2nd International Microgravity Laboratory
MPESS USMP-3 November 3-14, 1994 STS-66 | ATLAS-3 | 3rd Atmospheric Laboratory for Applications and Sciences
USMP4 February 3-11, 1995 STS-63 SH-3 3rd SPACEHAB
SHA October 20 - November 5,1995 | STS-73 | USML-2 2nd US Microgravity Laboratory
e February 22 - March 9, 1996 STS-75 | USMP-3 3rd US Microgravity Payload
SPACELIAB SH3 June 20 - July 7, 1996 STS-78 LMS Life and Microgravity Spacelab
September 16-26, 1996 STS-79 SH-5 5th SPACEHAB, 4th Mir docking
SH-5 April 4-8,1997 STS-83 MSL-1 Microgravity Sciences Laboratory
SH-10 July 1-17,1997 STS-94 [ MSL-1R Microgravity Sciences Laboratory Reflight
Middeck STS-43 November 19 - December 5,1997 | STS-87 | USMP+4 4th US Microgravity Payload
ATLAS3 January 22-31, 1998 STS89 | SH-10 10th SPACEHAB, 8th Mir docking
January, 2003 STS-107 Multi-disciplinary Microgravity & Earth Science Research

20
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Current Sensor Locations on the ISS

JLF152
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Basics of the Microgravity Environment

(

Q Microgravity Environment

7

Component

E =7
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gravity gradient & rotational § equipment: pumps, fans, | vehicle: thrusters, dockings

Primary effects: not at center of mass | centrifuges, compressors, etc. | crew: pushoffs & landings,
Sources drag: function of altitude, crew: ergometer or treadmill drawer/door closings,
attitude, day/night, etc. exercise experiment setup
vehicle: venting water or air vehicle: structural modes | equipment: machinery startup
'
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Basics of the Microgravity Environment

& Microgravity Environment

Component
Frequency 0.01 <f <300 Hz broadband
Magnitude tens of mg's peak
gravity gradient & rotational § equipment: pumps, fans, | vehicle: thrusters, dockings
Primary effects: not at center of mass centrifuges, compressors, etc. |, crew: pushoffs & landings,
Sources drag: function of altitude, crew: ergometer or treadmill drawer/door closings,

attitude, day/night, etc. exercise experiment setup
vehicle: venting water or air vehicle: structural modes I equipment: machinery startup
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Roadmap for Vibratory Regime

spectrogram is a “roadmap” that shows
boundaries and structure in time and frequency

1.Qualify
2.Quantify
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Roadmap for Vibratory Regime

sams2, 12102 at LAB1S2, MSG, Upper Left Seat Track :[161.95 40.39 157.64]
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Roadmap for Quasi-Steady Regime

time series with primary focus on mean value and low-

frequency components
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Roadmap for Quasi-Steady Regime

mams, ossbtmf at LAB102, ER1, Lockers 3 4:[135.28 —10.68 132.12] .
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X-Axis Acceleration (ug)

mams, ossbtmf at LAB102, ER1, Lockers 3,4:[135.28 —10.68 132.12]

National Aeronautics and Space Administration (NASA) Glenn Research Center

Roadmap for Quasi-Steady Regime
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Roadmap for Quasi-Steady Regime
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Source

Brief Characterization Notes

—>

>Progress Reboost*

duration = 11.4 minutes, x-axis step = 0.4 mg
* mean values based on 24 reboosts

ATV3 Reboost

duration = 7.0 minutes, x-axis step = 0.3 mg

~0.1 Hz, fund. mode of main truss

Mode One monitored daily by loads and dynamics team
USL < 2 ugRMS, COL & JEM < 3 ugRMS (Sept. 2012)
GLACIER Ops two narrowband spectral peaks:

(1) 162 ugRMS @ 60 Hz, (2) 112 uygRMS @ 120 Hz

Ku-Band Antenna

5to 17 Hz, nom. < 500 ugRMS with orbital period variations

MSG Ops

broadband, step up 536 ugRMS for f < 200 Hz

Robonaut Ops

narrowband peak: 50 ugRMS @ ~47 Hz

ARIS Attenuation

0.01 to 20 Hz, step down from ~100 to ~10 ugRMS (FIR ops)

fan: ~57 Hz or ~95 Hz, ~510 ugRMS

CCAA water separator: ~98 Hz, ~234 ugRMS
difference primarily below about 6 Hz:
Crew Sleep/Wake USL during sleep ~11.8 ugRMS, during wake ~23.9 ugRMS

JEM during sleep ~15.2 ugRMS, during wake ~34.6 ugRMS
COL during sleep ~17.3 ugRMS, during wake ~37.7 ugRMS

S

Brief Characterization of Some Disturbances
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Source

Brief Characterization Notes

Progress Reboost*

duration = 11.4 minutes, x-axis step = 0.4 mg
* mean values based on 24 reboosts

ATV3 Reboost

duration = 7.0 minutes, x-axis step = 0.3 mg

—>

~0.1 Hz, fund. mode of main truss

Mode One monitored daily by loads and dynamics team
USL < 2 ugRMS, COL & JEM < 3 ugRMS (Sept. 2012)
GLACIER Ops two narrowband spectral peaks:

(1) 162 ugRMS @ 60 Hz, (2) 112 uygRMS @ 120 Hz

Ku-Band Antenna

5to 17 Hz, nom. < 500 ugRMS with orbital period variations

MSG Ops

broadband, step up 536 ugRMS for f < 200 Hz

Robonaut Ops

narrowband peak: 50 ugRMS @ ~47 Hz

ARIS Attenuation

0.01 to 20 Hz, step down from ~100 to ~10 ugRMS (FIR ops)

fan: ~57 Hz or ~95 Hz, ~510 ugRMS

CCAA water separator: ~98 Hz, ~234 ugRMS
difference primarily below about 6 Hz:
Crew Sleep/Wake USL during sleep ~11.8 ugRMS, during wake ~23.9 ugRMS

JEM during sleep ~15.2 ugRMS, during wake ~34.6 ugRMS
COL during sleep ~17.3 ugRMS, during wake ~37.7 ugRMS

S

Brief Characterization of Some Disturbances
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Source

Brief Characterization Notes

Progress Reboost*

duration = 11.4 minutes, x-axis step = 0.4 mg
* mean values based on 24 reboosts

ATV3 Reboost

duration = 7.0 minutes, x-axis step = 0.3 mg

~0.1 Hz, fund. mode of main truss

Mode One monitored daily by loads and dynamics team
USL < 2 ugRMS, COL & JEM < 3 ugRMS (Sept. 2012)
two narrowband spectral peaks:
GLACIER Ops 11y 162 ugrRMS @ 60 Hz, (2) 112 ugRMS @ 120 Hz
|::>> Ku-Band Antenna | 5to 17 Hz, nom. < 500 ugRMS with orbital period variations
MSG Ops broadband, step up 536 ugRMS for f < 200 Hz

Robonaut Ops

narrowband peak: 50 ugRMS @ ~47 Hz

ARIS Attenuation

0.01 to 20 Hz, step down from ~100 to ~10 ugRMS (FIR ops)

fan: ~57 Hz or ~95 Hz, ~510 ugRMS

CCAA water separator: ~98 Hz, ~234 ugRMS
difference primarily below about 6 Hz:
Crew Sleep/Wake USL during sleep ~11.8 ugRMS, during wake ~23.9 ugRMS

JEM during sleep ~15.2 ugRMS, during wake ~34.6 ugRMS
COL during sleep ~17.3 ugRMS, during wake ~37.7 ugRMS

S

Brief Characterization of Some Disturbances
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Source

Brief Characterization Notes

Progress Reboost*

duration = 11.4 minutes, x-axis step = 0.4 mg
* mean values based on 24 reboosts

ATV3 Reboost

duration = 7.0 minutes, x-axis step = 0.3 mg

~0.1 Hz, fund. mode of main truss

Mode One monitored daily by loads and dynamics team
USL < 2 ugRMS, COL & JEM < 3 ugRMS (Sept. 2012)
GLACIER Ops two narrowband spectral peaks:

(1) 162 ugRMS @ 60 Hz, (2) 112 uygRMS @ 120 Hz

Ku-Band Antenna

5to 17 Hz, nom. < 500 ugRMS with orbital period variations

MSG Ops

broadband, step up 536 ugRMS for f < 200 Hz

Robonaut Ops

narrowband peak: 50 ugRMS @ ~47 Hz

ARIS Attenuation

0.01 to 20 Hz, step down from ~100 to ~10 ugRMS (FIR ops)

CCAA

fan: ~57 Hz or ~95 Hz, ~510 ugRMS
water separator: ~98 Hz, ~234 ugRMS

|::>> Crew Sleep/Wake

difference primarily below about 6 Hz:

USL during sleep ~11.8 ugRMS, during wake ~23.9 ugRMS
JEM during sleep ~15.2 ugRMS, during wake ~34.6 ugRMS
COL during sleep ~17.3 ugRMS, during wake ~37.7 ugRMS

S

Brief Characterization of Some Disturbances
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Progress Reboosts

STD

517

1.49

0.15

events

Description
Progress Reboost MAMS. ossbtmf
Sensor | 0.0625 sa/sec
P nrTz
8 Progress +X Thrusters, OF-Pulsing m—
Lo
Start GMT 06-March-2002, 0650427 13548
o poc s o o Orien
5 o | 4
§ a0 f \ Progress Reboost
H / | ;
£ / \ Inc/Y
& y Mean During Reboost: 0.84 mg
o] |
1
e Plot The table below compares average acceleration from vehicle data to the average acceleration calculated from MAMS .
-s0-| Description
T T T T T Reboost Information Calculations from MAMS OSS data
gnition (GNT) Comments 2V Duration AVIT Duration AV X-Axs Sensor | MAMS.ossbrmf
™ B (misec) (sec) (mg) (sec) (m/sec) | Mean (mg) 0.0625 sa/sec (1 Hz)
g w0y NoT| Hzgtﬁgggt 4 Progress +X Thrusters 47 1560 031 1,629.30 463 029
§ 2 « Pq T 5007 Locati LAB10O2, ER1. Lockers
et — I3 vaaiana” 4 Progress +X Thrusters 45 1560 029 162378 446 0.28 ocation | .
s -0 to 10-Jan-2002
] : 4P X Thrust 54 1877 029 1,863 .90 53 029 y :
¥ -0 ol 010/01:35:15 ogress +X Thrusters ’ Oricntation Space Station Analysis
. 10-Jan-2002, TQ
~s00-{ . 010/03-43 26 4 Progress +X Thrusters 48 1654 030 1,643.00 467 029 (SSA)
T T T T T us| 21-Feb-2002, 8 Progress +X Thrusters, ~ R
) ) ) ) \ o 05210827 Oft-Pulsin 135 239 058 237.40 1.21 052 Inc/Elisht Increments: 3-9
004 thy 21-Feb-2002, 8 Progress +X Thrusters, 3 Flichts: Various
= o 08210959 Off Pulsin 135 243 057 238.50 1.24 053 2 :
2™ 06-Mar-2002 8 Progress +X Thrusters,
a ) : - .
§ oy 065/03:37.12 Off-Pulsing 10 1982 065 157.70 098 080 Plot Type | Time Series
: o — —] < 06-Mar-2002, 8 Progress +X Thrusters, N
[N . S Py oft Puising 25 395.1 065 398.80 25 064
H - 13-Mar-2002, 8 Progress +X Thrusters, .
T a0 ;h 0721000410 oft Puising 22 319 070 300.30 18 061
800 13-Mar-2002, 8 Progress +X Thrusters, "
! 40 636.1 064 £09.70 3.94 0.66
P 072/00:52:49 Off-Pulsing =
i Co 0 v 19-Apr-2002, & Progress +X Thiusters, o7 T8 053 2270 08 03 NOFES: .
me (minutes) i 109/07-59 Off-Pulsing : 8 o Reboost Information column
* 01-Aug-2002, 8 Progress +X Thrusters, o Bt ;
B 213172423 o Pulsin 43 760 058 761.10 418 056 contains estimates. Tl_us
sef T1-February-2003 8 Progress +X Thiusters, 51 1200 0d3 68 201 035 information was obtained from Rex
off 042/11:34'30 Off Pulsing Delventhal. GNC Daily Reports
12-March-2003 Progress Manifold 1 138 597 024 634 13 021 / . .
@ 071/22:58 4 Progress +X Thrusters i} § and/or On-Orbit Summaries.
e 1] 12-March-2003 Progress Manifold 2
S E 072/23:37 4 Progress +X Thrusters oar 198 019 219 03 014 i . )
Microgravity Science Division Glenn Research Center 04-April-2003 B Progress +X Thrusters 5 NA A a5 o 02 o  Values marked with an asterisk
R ?g‘ﬂzr gg{;ﬂs . nggﬁﬂ‘)‘%{ustm may be off by as much as 14 ug
Catf ! - " . .
PIMS ISS Acceleration Handboak z 100/10:55 Off-Pulsing 148 561 0.2 572 143 0.22 due to lack of bias compensation
Date last madified 10/20/04 E for 0SS A-range data
- - = :
PSS statistics
.
duration(sec) deltaV(m/s) xMean(mg) for 24 T [
Category: | Vehicle
= andbo =
M EAN 686 2 . 36 0 . 3 9 B dified 10/ r e b O O S t Source: | Progress Thrusters
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ATV3 Reboost GMT 31-Mar-2012 y

DURING

sams2, 121103 at LAB101, ER2. Lower 7 Panel [191 54 -40 54 135 26]

500.0000 sa'sec (200.00 Hz) Before ATV3 Reboost

S‘lad GMT ?:I'I—Mar{:h—2|012. 0911’1:9:50.00.00]

3SAnalysis[ 0.0 0.0 0.0]

10
8
—~ 6
o
E 4
<
s 2
B
T g
§ 0
< -2 &
@« :
3 -4 v
X §
_6_ _g
-5 -2
2
-10 T T T T T T T T T ©
10 1 1 I 1 1 1 I 1 1
5 L
—~ B9 r
-]
E
8
® =3
L] E
[T o
8 a8
< o
2 ?
1
P c
L 8
=
L E
2
o

z-axis 1.2 mgRMS

Acceleration

Z-Axis Acceleration ( mg )

1 TIME

Qriginal Mean = -0.1146 mg
RMS = 1.2072 mg

e e Froms, 1-4pr 201, MET

RMS = 1.3667 mg

RMS = 1.0384 mg

=

sams2, 121103 at LAB101, ER2. Lower 7 Panel[131 54 -40 54 135 25]
500.0000 sa'sec (200.00 Hz)

X-Axis Acceleration { mg )

Y-Axis Acceleration { mg )

Z-Axis Acceleration (mg )

During ATV3 Reboost

F‘jlad GMT 3|'I—M:lrch—2lD12. 0‘311'2‘1:53.00.00%

x-axis 1.3 mgRMS

Original Mean = -0.1458 mg
RMS = 1.2720 mg

Original Mean = -0.2222 mg

RMS

Original Mean = -0. 1080 mg

RMS

SSAnalysis] 0.0 0.0 0.0]

0.9837 mg

1.1285 mg

R s

Time (minutes)
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ATV3 Reboost GMT 31-Mar-2012 ‘

BEFORE

0<f<200Hz

DURING

500.0000 sa'sec (200.00 Hz)

sams2, 121103 at LAB101, ER2. Lower 7 Panel [191 54 -40 54 135 26]

Before ATV3 Reboost

S‘lad GMT ?:I'I—Mar{:h—2|012. 0911’1:9:50.00.00]

3SAnalysis[ 0.0 0.0 0.0]

Time (minutes)

10
8
—~ 6
o
E 4
5 2
B
2 90
3 H
< 8
° s
2 0
i c
s 3
=
w
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2
o
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E
8
® =3
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< o
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Z 1
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g 2
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g £
8 2
£ -2 5
2 g
; ,a, "
Ny §
_6_ g
_B_ E’
-10+ T T T T T T T T @
0 1 3 4 5 6 7

RMS = 1.3667 mg

RMS = 1.0384 mg

RMS = 1.2072 mg

sams2, 121103 at LAB101, ER2. Lower 7 Panel[131 54 -40 54 135 25]

500.0000 sa/sec (200.00 Hz) .
During ATV3 Reboost

F‘jlad GMT 3|'I—M:lrch—2lD12. 0‘311'2‘1:53.00.00%

SSAnalysis] 0.0 0.0 0.0]

- o
X-axis 1.3 mgRMS E
. 3
hs
T o
1 E
c
T
52
5%
10 I 1 I 1 1 I 1 1 1
8 L
—~ B o
o
= 4 L
=
g 2
5 2
5§ R
< -2 o
2 9
3 -4 0 €
> BB
65 | § @
=3
-8+ LEy
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>
£
=
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o E
] 2
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£ ¢
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=
7 52
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0 1 2 3 4 5 6 7 8 I
s e e, 16 40 4 1201 8
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ATV3 Reboost GMT 31-Mar-2012

0 <f<200Hz DURING

sams2, 121103 at LAB101, ER2. Lower 7 Panel [191 54 -40 54 135 26]

500.0000 sa'sec (200.00 Hz) Before ATV3 Reboost

S‘lad GMT ?:I'I—Mar{:h—2|012. 0911’1:9:50.00.00]

3SAnalysis[ 0.0 0.0 0.0]

x-axis 1.4 mgRMS
¥

before and after rebo

Time (minutes)

5 2
B -
L -
: y-axis 1.0 mgRMS
< -2
2
2 - -
I
= 54 |
-8 L
-10 T T T T T T T T T
10 1 1 I 1 1 1 I 1 1
B, -
~ 6 -
-]
E
=
]
=
2
8
<]
<
2
E
T
N
_B_
-10+ T T T T T T T T T T
0 1 2 3 4 5 6 7 8

Original Mean = 0.0235 mg
RMS = 1.3667 mg

Original Mean = -0.2258 mg
RMS = 10384 mg

-0.1146mg

Qriginal Mean =
RMS = 1.2072 mg

sams2, 121103 at LAB101, ER2. Lower 7 Panel[131 54 -40 54 135 25]
500.0000 sa'sec (200.00 Hz)

During ATV3 Reboost

F‘jlad GMT 3|'I—M:lrch—2lD12. 0‘311'2‘1:53.00.00%

SSAnalysis] 0.0 0.0 0.0]

>
E
H
w
k]
2
8
<<
o
£

* 5

-8

-10

ost look remar

Y-Axis Acceleration (1

kably

similar

Original Mean = -0. 1080 mg

)
£
=
2
®
S
8
o
<<
@
£
T
N g
-5
-10+ T T T T T T T T
0 1 2 3 4 5 7 8 9

Time (minutes)

=]

Original Mean = -0.1458 mg

RMS

Original Mean = -0.2222 mg

RMS

=1.2720mg

0.9837 mg

=1.1205mg

RMS
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BEFORE

sams2, 12103008 at LAB101, ERZ, Lower 7 Panel {101 54 -40 54 135 25]

142.0000 sa'sec (6.00 Hz) Before ATV3 Reboost

‘“I)tart GMT 3;I—M:trch—2|012, U‘B1}1F:50:DU.UU?

- ATV3 Reboost GMT 31-Mar-2012

O<f<6Hz DURING

sams2, 121703008 at LAB101, ERZ, Lower 7 Panel {101 54 -40 54 135 25]

SSAnalysis[0.0 0.0 0.0] 142.0000 sa'sec (6.00 Hz)

During ATV3 Reboost

“T)tart GMT 3I'I —M:irch—2|D12, UB1I2I'I :53:00.00?

SSAnalysis] 0.0 0.0 0.0]

! ! ! ! ! !
1 I 1 -
0.8+ 8 8 +
—~ 0.6 8 06+ +
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-1 FE= -14 <=
T T T T T T T T T O T T T T T T T T oK
1 1 1 1 1 | 1 | 1 1 1 1 1 1 1 1 1
1 F 1 F
0.6 F 0.8 F
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S 2 8 S p24 +
" v tdnbbhibd sl o
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BEFORE

sams2, 12103008 at LAB101, ERZ, Lower 7 Panel {101 54 -40 54 135 25]

142.0000 sa'sec (6.00 Hz) Before ATV3 Reboost

‘“I)tart GMT 3;I—March—2|012, U‘B1}1F:50:DU.UU?

SSAnalysis[0.0 0.0 0.9]
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- ATV3 Reboost GMT 31-Mar-2012
O<f<6Hz

DURING

sams2, 121703008 at LAB101, ERZ, Lower 7 Panel {101 54 -40 54 135 25]

142.0000 sa'sec (6.00 Hz) SSAnalysis[ 0.0 0.0 0.0]

During ATV3 Reboost

“T)tart GMT 3I'I —March—2lD12, UB1I2I'I :53:00.00?
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Ku-Band Antenna, Qualify

ZIN Technologies

sams2, 121108030 at COL1A1, ER3, Seat Track near D1:[371.17 193.43 165.75] Increment: 28, Flight: ULF7
208.0000 sa/sec (30.00 Hz) Sum
Af=0.051 Hz, Nfft = 4096 sams2, 121f08030 Hanning, k = 2024
Temp. Res. =9.846 sec, No = 2048 Start GMT 25-January-2012, 025/08:00:00.000 Span =7.99 hours

* Frequency range ~ 5to 17 Hz

25

20

Frequency ()l)L

X PSD Magnitude [log | (¢*/Hz)]

i

3

Ku-band Antenna Frequency Range

5 .)MW‘.‘}%E{JK

ARG SN B AP M s S o _ i
O S MG s ) ; % -1 sl WSSOI

08:00 09:00 10:00 11:00 12:00 13:00 13:59 15:00 16:00
GMT 25-January—2012, 025/hh:mm

om: Mmisclyosalpubipad, beovat, 27- Jan-2012,14:07:21 363

..6

-10
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Ku-Band Antenna, Qualify

sams2, 12108030 at COL1A1, ER3, Seat Track near D1:(371.17 193.43 165.75]

208.0000 sa/sec (30.00 Hz)
Af=0.051 Hz, Nfft = 4096 sams2, 121f08030
Torp. Res. = $.046 soc, o = 2048 Start GMT 25-January-2012, 025/08:00:00.000

» Orbital variations to track “current” satellite

Frequency (Hz)
X PSD Magnitude [log | (¢*/Hz)]

sk bty WA

4 1]‘« B R L R P ] v h

B IR P MMk LR 110 ¢ gt
R TP ERATA N ;‘:,‘,v,gwr. PV TUTRRR AT 13 _.':\h‘n&: Fows

08:00 09:00 10:00 11:00 12:00 13:00 13:59 15:00 16:00
GMT 25-January—2012, 025/hh:mm

om: Mmisclyosalpubipad, beovat, 27- Jan-2012,14:07:21 363

Increment: 28, Flight: ULF7

Sum
Hanning, k = 2924
Span = 7.99 hours

._6

-10
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Ku-Band Antenna, Qualify

sams2, 12108030 at COL1A1, ER3, Seat Track near D1:(371.17 193.43 165.75] Increment: 28, Flight: ULF7

g sams2, 121108030 .
Temp. Res. =9.846 sec, No = 2048 Start GMT 25-January-2012, 025/08:00:00.000 Span = 7.99 hours
._6
=7
= = (13 b} ..
» Sporadic events to acquire “next” satellite
-8
5
=
o 2
g B
Iy Py -
g E
= £
g )
= b
2
£
W
-10
=11
ATl g . Lo B SR w"v 1&
il 18 R ) M i vy
s “w}ﬁ:ﬂ:‘-‘~ S “'-—"‘“5‘:-'&'6&'&?1‘5‘39%&'\- ul..“"-\ém--lkﬁ‘ﬂl 34 N e g ““D»,:{-i“ ﬁ&‘ -12

08:00 09:00 10:00 11:00 12:00 13:00 13:59 15:00 16:00
GMT 25-January—2012, 025/hh:mm
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Ku-Band Antenna, QuarH
10-Minute Interval RMS
700 T I T
600 -
A 500 _
)
>
D_: %) 4001 |
©| X
4B M !
= I i l‘ (R 1 sams
= “ | 121f08
gl 7 ’ | )ﬁnCOL
g |
= 100} |
TIME (total of 6 day>
ok . . | | i

|
13-Sep 14-Sep 16-Sep 16-Sep 17-Sep 18-Sep 19-Sep
GMT (2012)
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UgRMS

700

600

500

300

200

100

National Aeronautics and Space Administration (NASA) Glenn Research Center

Ku-Band Antenna, Quantify

10-Minute Interval RMS, 5 <f< 17 Hz

il

Il

SAMS
121f08

WIWnCOL

|
13-Sep 14-Sep 16-Sep 16-Sep 17-Sep 18-Sep

GMT (2012)

19-Sep
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National Aeronautics and Space Administration (NASA) Glenn Research Center

Ku-Band Antenna, Quantify

10-Minute Interval RMS, 5 <f< 17 Hz

SAMS SENSOR|LOCATION | Median RMS (ug)
121f03 USL, ER2 83
121f05 JEM, ER4 105
121f08 COL, ERS3 235
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When Should | Run My Experiment?

ZIN Technologies

max median (79.7 ugRMS) @ hour 14 #HourRecs = 4933
min median (50 9 ugRMS) @ hour 02 UgRMS Distribution for 121f02 (0.000 <= f <= 10.000 Hz) #DayRecs = 213
366-day summary through GMT 152/2012-05-31
140 T T ! ! T ; i 1 ' | ' T ! | T i * ¥ ! 1 1
o b b e GMT 2012-05-31
| I ! I | I | ! T T
1 I 1 | 1 ! ! ! | 1 ! -
120

MARKER
100 | KEY

80+ median
orz value for legend box
"(7; ° 60}
g
n 40+ s
0 L minimum
>
D: 20_
TIME (4 hr chunks)
0,

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
4-Hour Span Starting at GMT Hour (hh)
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When Should | Run My Experiment?

max median (79.7 ugRMS) @ hour 14 L . #HourRecs = 4933
min median (50.9 ugRMS) @ hour 02 UgRMS Distribution fo0.000 <=f <= 10.000 Hz) #DayRecs = 213
366-day summary through GMT 152/2012-05-31

ZIN Technologies

140 — T T T : s e ——
T S Lo : * GlMT2012-05-31
120} B E E A E Lo E : ? [
ool DT DTN b
80—5 i : E E E : il I I I I I oo i 5
L AD N INEES
I | *.T:::::'.
ili in(median) [ + 1 0T
401 T Co o L T T
20| ...well, if you are in the US LAB, near the MSG -
(where SAMS sensor 121f02 is located), then your
ol best 4-hour span is GMT hours 02 to 06

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
4-Hour Span Starting at GMT Hour (hh)
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When Should | Run My Experiment?

max median (79.4 ugRMS) @ hour 15 L . #HourRecs = 3680
min median (49.4 ugRMS) @ hour 01 UgRMS Distribution fo0.000 <= f <= 10.000 Hz) #DayRecs = 164
366-day summary through GMT 152/2012-05-31

ZIN Technologies

140 , . . — ———
! : Co 1 [¢ omraoiz0s3
120 ! E E : i ? | i :
S i
100y S
sof } 11T Haggaa RN
YRRRSFT LU ey
3 eolty 4 b [ i Ly E A E L H ,
la L . oo : : | : | <F 4)
<L min(median) [+ + &t Ll oo 0Ty
401 T = SRR A
20} ...but, if you are in the Columbus module, near
ER3 (where SAMS sensor 121f08 is located), then
ol your best 4-hour span is GMT hours 01 to 05

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
4-Hour Span Starting at GMT Hour (hh)

&
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. Capabillities and Services

. Science Support and Customers

. Timeline of Acceleration System Deployment
. Current Sensor Locations on the ISS

Basics of the Microgravity Environment
Roadmaps for the Microgravity Environment
Brief Characterization of Some Disturbances
8. Reboosts
. Ku-Band Antenna

10.When Should | Run My Experiment?

11. ARIS Attenuation During FIR Ops

12. Structural “Mode One”
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ARIS Attenuation During FIR Ops

samses, esD at LAB1S4, FIR, (8031 40.30 108.41]

500.0000 sa (204 20 Hz) SSA {0.0 0.0 0.0
s SAMSES, es06, LAB1S4, FIR, ARIS Attenuation R
P=459% No=7521 Span = 800.00 sec.

Start GMT 05-August-2011, 217/07-55:00
Start GMT 05-August-2011, 217/11:55:00
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ARIS Attenuation During FIR Ops

samses, esD at LAB1S4, FIR, (8031 40.30 108.41]
‘DﬂDDDﬂsasec(ZD‘!ZDHZ]
=0031 Hz. Nt = 16384

F 45.0%, No=7521

SAMSES, es06, LAB1S4, FIR, ARIS Attenuation

Start GMT 05-August-2011, 217/07-55:00

SSAnalysis| 0.0 0.0 ou]

X-Axis PSD ( gMz )

-
DI

Y-Axis PSD ( g°/Hz )

-
oI

Z-Axis PSD ( g*/Hz )

-
DI

-
DI

10

Y

=

=

5

107

1U—|2

20Hz.

Start GMT 05-August-2011, 217/11:55:00

———

0000000 0 0

ARIS OFF

1U—|EI_ I

T T T T T T T T T
40 60 80 100 120 140 160 180 200
Frequency (Hz)

Frequency RMS (ug)
Range ARIS | ARIS
(Hz) GMT OFF | ON
02-Aug-2012 105 9
[0.01-20) 05-Aug-2012 96 12
02-Aug-2012 486 479
[20-200) 05-Aug-2012 | 480 | 469
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samses, esD at LAB1S4, FIR, (8031 40.30 108.41]

500.0000 safsec (20420 Hz)
Af=0.031 Hz, Nfft = 16224
P=459%, No=7521

Y-Axis PSD ( g°/Hz ) X-Axis PSD ( g*Mz)

Z-Axis PSD ( g*/Hz )

-12

g
———

20*Hz,

SAMSES, es06, LAB1S4, FIR, ARIS Attenuation

ARIS Attenuation

National Aeronautics and Space Administration (NASA) Glenn Research Center

Start GMT 05-August-2011, 217/07-55:00
Start GMT 05-August-2011, 217/11:55:00

SSAnalysis| 0.0 0.0 0.0]

Hanning, k = 31
Span = 600.00 sec.

RIS ,OF

X L

000000000

00 0000OCODOGOO

T
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T
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T
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T
100
Frequency (Hz)

T
120

T
140

T
160

T
180

T
200

During FIR Ops

Frequency
Range
(Hz)

GMT

RMS (ug)

ARIS | ARIS
OFF ON

[0.01-20)

02-Aug-2012

105 9

05-Aug-2012

96 12

[ 20-200)

02-Aug-2012

486 479

05-Aug-2012

480 469
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=
Z
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. Capabillities and Services

. Science Support and Customers

. Timeline of Acceleration System Deployment
. Current Sensor Locations on the ISS

Basics of the Microgravity Environment
Roadmaps for the Microgravity Environment
Brief Characterization of Some Disturbances
8. Reboosts
. Ku-Band Antenna

10.When Should | Run My Experiment?

11. ARIS Attenuation During FIR Ops

12. Structural “Mode One”
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e INJODd@ ONe” — First Mode of Main Truss

In general, for structural mode regime below 3 Hz:
* Is excited by crew activity and impulsive events
« RMS levels are nominally:

 ~ 30 ugRMS for USL

« ~ 40 ugRMS for COL and JEM
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e IMlOde One” — First Mode of Main Truss

In general, for structural mode regime below 3 Hz:
* Is excited by crew activity and impulsive events
« RMS levels are nominally:

 ~ 30 ugRMS for USL

 ~ 40 ugRMS for COL and JEM

W e T T TR T T 20 T T T
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2 0B 5 e R L SEEE L L S LU LR RS VEEEFEERE LRI LI EE T, ¥ At CEE L] 1= median = 0302 ug g A ANAL L TN A L A A AT R NN
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15 T T T T
5 0 , :
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8 “ L R A e R
bos 3 2 : = TR amnmtage o
sams2, 121103006 at LAB101, ER2, Lower Z Panet {191 54 ~40 54 135 25] sams2, 10 54 135.25]
200 e i - evate sams2, 121103006 . RO tsec 1) sams2, 121103006
Temp,Res. = 38965 sec,No = 60000 Start GMT 16-September-2012, 260/00:00:00 004 soan =7 30 hours : Start GMT 16-September-2012, 260/08:00:00.004

N

3
3
-«
£
-~
&
L3
$

Frequency (Hz)

X PSD Magnitude [log ,,,ufﬂl'l
£ PSD Magnitude [log | (2/H2)]

00:00 01:00 02:00 03.00 04:00 05:00 06:00 07:00 08:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
GMT 16-September—2012, 260/hh:mm o e B -sep-0d 0 40 2 GMT 16-September—2012, 260/hh:mm o e B, 18- DS 7414

<—HEP—> <—NGEGE—>

median = 1.767 ug

median = 0.102 Hz
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e | INlOd@ ONe”|— First Mode of Main Truss

median = 1.767 ug

median = 0.302 ug

median = 0.100 Hz

median = 0.102 Hz

05
sams2, 121103006 at LAB1O1, ER2, Lower Z Panel{191.54 ~40 54 135,25
sams2, 12103006 . - e e s
Start GMT 16-September-2012, 260/00:00:00.004 = Temp. Res. = 38.986 sec.
1

36 sams2, 121f03006
. No = 60000 Start GMT 16-September-2012, 260/08:00:00.004

4 -4

i

K L LA

Frequency (Hz)

00:00 01:00 02:00 03.00 04:00 05:00 06:00 07:00 08:00 08:00 09:00 10:00 11:00 12:00 13:00
GMT 16-September—2012, 260/hh:mm e e LT GMT 16-September—2012, 260/hh:mm
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Hanning, k = 727
Span = 7.86 hours
-6

X PSD Magnitude [log | (@?H2)]

T

14:00 15:00 16:00

o A B 0847475
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e INJODd@ ONe” — First Mode of Main Truss

Mode One:
* IS monitored daily for structural integrity & off-nominal impacts
* In Sept. 2012, nominal RMS levels were:

e <2 ugRMS for USL

« < 3 ugRMS for COL and JEM
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Impacts on Shuttle Microgravity Science
Shuttle Crew Exercise Comparison

ISS Crew Exercise

Historical Look at Sensor Locations on the ISS
System Characteristics
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~=mpacts on Shuttle Microgravity Science

OARE, Raw Data

CM-1 Experiment Location

Z-Axis Acceleration (micro-g)

140

120

-20
0

National Aeronautics and Space Administration (NASA) Glenn Research Center

MET Start at 00/08:46:53.100

Raw OARE Data and SOFBALL Radiometry Data from STS-94

MSL-IR
Body Coordinates

SOFBALL Radiometry Data

Acceleration Data

Time (min)

02

0.1

0.05

Radiation (Volts)

Near real-time support
to investigators...

Example:
SOFBALL experiment

sensitive to impulsive
disturbances during
execution of test points.

PIMS:
Correlate OARE data with
SOFBALL science data.

Results:

SOFBALL team had
justification needed to
request periods of STS “free
drift” (no thrusters) in order
to conduct their experiment.
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~=mpacts on Shuttle Microgravity Science

OARE, Raw Data MET Start at 00/08:46:53.100 MSL-IR
CM-1 Experiment Location Raw OARE Data and SOFBALL Radiometry Data from STS-94 Body Coordinates

140 T T T T 0.2

Near real-time support

120 —0.15
SOFBALL Radiometry Data FM/‘ to lnveStlgatOrS te

o Example:
SOFBALL experiment

sensitive to impulsive
005 disturbances during
' execution of test points.

PIMS:
Correlate OARE data with
SOFBALL science data.

Z-Axis Acceleration (micro-g)
(=]
Radiation (Volts)

Results:
SOFBALL team had
justification needed to

Acceleration Data

request periods of STS “free
drift” (no thrusters) in order
to conduct their experiment.

220 | | | | 1 | 1 1 |
1] :

Time (min)
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Shuttle Crew Exercise Comparison

x10° Microgravity Disturbances Caused by Exercise

T T T T T T T J LMS IVIS/PCIS ON FD

4.5

-2
Lh

LMS MS-3 ERGO IN S/L

a3

- LMS PS—1 ERGO IN S/L

ATLAS-3 HARDMOUNT MID

in

(=]

Cumulative Acceleration (gﬂ “5.)

r MIR TREADMILL
q \RD

SME ARD J
SML-1 CDR HARDMOUNT

in

LMS MS-1 & PS-2 IVIS/PCIS
= USML-1 CDR BUNGEE

SML-1 PLT BUNGE
USML-1 MS-2 BUNGEE

ATLAS-3ILRD

050"

2 spectral peaks arise from shoulder sway & pedaling rate with
excitation of Shuttle structural modes @ 3.5 and 4.8 Hz

&
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Shuttle Crew Exercise Comparison

4.5

35

National Aeronautics and Space Administration (NASA) Glenn Research Center

x10* Microgravity Disturbances Caused by Exercise

LMS IVIS/PCIS ON FD

Shuttle era exercise characterization reinforced need for vibration isolation

Cumulative Accelerat

25

05k

T} MIR TREADMILL
g s HARD
SMP-3 HARDMOUN
SML-1 CDR HARDMOUNT

LMS MS-1 & PS-2 IVIS/PCIS
= USML-1 CDR BUNGEE

SML-1 PLT BUNGEE
USML-1 MS-2 BUNGEE

ATLAS-3ILRD

5 6 7 8 9 10
Frequency (Hz)
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ISS Crew Exercise

T2 (COLBERT)
Quan

A Comparisen f sciated vs, Unisclsted Exsreiss on T2

Exercse GMT 17612 18 - 1236 fsolaled
Baseine GMT 176/12'13 - 1218 fsolated

Exercies GMT 190:0001 -00:19 Unvsciated)
Baseine GMT 190:00:20 - 0038 Unvsolated)

£ Cumlive AMS (g

Freqpency (ir)

PIMS ISS Acceleration Handbook
Date last modified 12/30/10

Glenn Research Center

Description

12103

Sensor | 540 qajsec (200.00 Hz)

<

LABIOI. ER2, Lower Z

Location
Panel

Orientation (Space Station Analysis

Inc/Flight | Increment:24

Plot Type | Cumulative RMS

The Combined Operational Load Bearing External
Resistance Treadmill (COLBERT), technically named
the Treadmill 2 (T2) derived from the Treadmill with
Vibration Isolation Stabilization System (TVIS)

NOTES:

©  Toquantify the contribution of exercise on
T2, for both isolated and un-isolated cases, a
cumulative RMS plof was computed. For
reference, baselines were computed during.
periods of no exercise.

The table below hsts the approximated
confribution of T2 for significant bands in
HERMS:

Band Isolated | Unisolated

0-10Hz 40 590
0-25Hz |50 30

0-25Hz 90 620

Regime_ | Vibratory

(VELO VB-3M)
uantify

e 2010, 315110:30:00.001

p=
P e

Category: | Crew

Description

Sensor

Multiple Sensors
Cutoff of 10.00 Hz

Location

Multiple Locations

Orientation

Space Station Analysis
(SSA)

Increment:25, Flight: UF4

Plot Type

Cumulative RMS

NOTES

To quantify the impact of VELO exercise,

Data Description

Semsor | see upper left of figure

Location | see upper left of figure

Inc/Flight | Increment 4, Flight UF1

f/" — cumulative RMS curves were computer for
Source: | T2/ COLBERT ’ S L ‘muliiple sensors. The Jump at
the pedaling frequency (4.6 Hz) and the
shoulder sway (2.3 Hz) can be seen in all
L seusors.
+  Contributions per component as measured by
each sensor are found i the table below
Values are i jigRMS
ua: p L
Semsor 23Hz 4.6 Hx
12103 | 353 135
1 2 a 4 5 L] T L] [l 121404 2 147
Fropeoi Dt o 121005 43 110
121108 33 163
FiRAP 518 375
Microgravity Science Division Glenn Research Cenler Regime: | vibratory
Category. | Crew Exercise
PIMS ISS Acceleration Handbook n .
‘Do tost ranivten T2 ZTG0 10 Source | Velosiped (VELO VB-3M)
T
7
_,
H : 3

¢ Science Division

Gienn Research Center

Plot Type | comulative RMS

Notes:

To quantify the impact of a CEVIS exercise period
from four sensor locations, the cunnlative RMS
acceleration versns frequency curves shown in the
figue were computed. The lepend at the upper left
shows which trace was computed for each of the
differsnt sensors. The curves in this figure all step
up about 70 ngas at the pedaling frequency, but
vary to some degree across the rest of the
acceleration spectrum below 10 Hz The
vanability 15 expected as the SAMS sensors used
for the analysis were distrbuted throughout ER1
20d ER? 15 indicated by the legend

Regime: | vibratory

Category: | Crew

i& Ergometer

Source iation System (CEVIS)

PIMS ISS Acceleration Handbaok
Date last modified 1273102
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ISS Crew Exercise

[t}

£ Cumiive AN

T2 (COLBERT)

Gormpansen of sciated vs. Unisclos

Exercse GMT 17612 18 - 1236 fsolaled
Baseine GMT 176/12'13 - 1218 fsolated

Exareiss GMT 1800001 -00:19 Unvsclated)
Baseing GMT 1800020 -00:38 (Unisalte)

Freqpency (ir)

.
¢
Microgravity Science Division

PIMS 1SS Accsleration Handbook
Date last modified 12/30/10

Glenn Research Center

Description
Sensor 121103
500 sa/sec (200.00 Hz)
LABIOI. ER2, Lower Z
Location
Panel
N Space Station Analysis
Orientation (S5A)
Inc/Flight | Increment:24
Plot Type | Cumulative RMS

NOTES:

©  Toquantify the contribution of exercise on
T2, for both isolated and un-isolated cases, a
cumulative RMS plof was computed. For
reference, baselines were computed during.
periods of no exercise.

®  The table below lists the approximated
contribution of T2 for sigmificant bands i
HERMS'

Band Isolated | Unisolated
0-10Hz |40 5

0-25Hz |50 30
0-25Hz 90 620
Regime_ | Vibratory

(VELO VB-3M)
Juantify

o (vB.o) Exercss
farnterzoto, 181000000

p=
P e

Category: | Crew

Source: | T2/ COLBERT

Micragravity Science Division

Equipment

Frequency (Hz)

Glenn Research Center

Description

Multiple Sensors

SSEOT | Cyioff of 10.00 Ha

Orientation

Location | Multiple Locations

Space Station Analysis
(SSA)

Increment:

. Flight: UF4

Plot Type | Cumulative RMS

NOTES

To quantify the impact of VELO exercise,
cumulative RMS curves were computer for

Data Description

Sensor | see upper left of figure

Location | see upper left of figure

Inc/Flight | Increment 4, Flight UF1

multiple sensors. The
the pedaling frequency (4.6 Hz
shoulder sway (2.3 Hz) can be se
sensors

Contributions per component as measured by

each sensor are found in the table below
Values are m j1gRMS

Jump at

Semsor EEYT 46 Hr
2103 [ 352 135
121604 332 147
121603 43 110
12108 33 163
HIRAP 518 279
Regime: | Vibratory

Category. | Crew Exercise
Source: | Velosiped (VELO VB-3M)

T2 (isolated)

T2 (non-isolated)

<10

PIMS ISS Acceleration Handbaok
Date last modified 1273102

Gienn Research Center

Plot Type | comulative RMS

Notes:
To quantify the impact of a CEVIS exercise period
from four sensor locations, the cumulative RMS

acceleration versns frequency curves shown in the

s
differsnt sensors. The curves in this figure all step
up about 70 ngas at the pedaling frequency, but
vary to some degree across the rest of the
acceleration spectrum below 10 Hz The
vanability 15 expected as the SAMS sensors used
for the analysis were distrbuted throughout ER1
20d ER? 15 indicated by the legend

Regime: | vibratory

Category: | Crew

'@ Ergometer with Vibraon
Isolation System (CEVIS)

Saurce
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ISS Crew Exercise

Exercse GMT 1761218
Baseline GMT 1761213
Exsreiss GMT 1800001
Basein GMT 1800020

[t}

£ Cumiive AN

Microgravity Science Division

T2 (COLBERT)

Gormpansen of sciated vs. Unisclos

1235 lsolatec]
- 1218 fsoiatec)

PR p—
0038 Unsoled)

Freqpency (ir)

PIMS 1SS Accsleration Handbook

Date last modified 12/30/10

Glenn Research Center

Data Description

Sensor | see upper left of figure

Location | see upper left of figure

Inc/Flight | Increment 4, Flight UF1

Description
Sensor 121103
500 sa/sec (200.00 Hz)
LABIOI. ER2, Lower Z
Location
Panel
N Space Station Analysis
Orientation (S5A)
Inc/Flight | Increment:24
Plot Type | Cumulative RMS
TOTES: (VELO VB-3M)
©  Toquantify the contribution of exercise on ify
T2, for both isolated and un-solated cases, a uantify
cumulative RMS plof was computed. For
reference, baselines were computed during.
peniods of no exercise. 0 (VDo) Exaries 2 Description
feensoro sisnogomemn \ ————— p!
®  The table below lists the approximated
contribution of T2 for significant bands in Scasor | Multiple Sensors
RMS. Cutoff of 10.00 Hz
Band Tsolated | Unisolated Location | Multiple Locations
0-10Hz |40 5 r - -
0 358 150 30 Orientation S‘che Station Analysis
25 5 (SSA)
0-25Hz 90 620 L
it | Increment:25, Flight: UF4
E Plot Type | Cumulative RMS
|
Regime: | Vibratory - NOTES
Category: | Crew — *  Toquantify the impact of VELO exercise. JEsercne oo
— cumulative RMS curves were computer for 20
Source: | T2/ COLBERT / L ‘multiple sensors. The Jump at L
O the pedaling frequency (4.6 Hz) and the

Micragravity Science Division

Glenn Research Center

Equipment

Frequency (Hz)

UQRrwms

shoulder sway (2.3 Hz) can be se
sensors

Contributions per component as measured by
each sensor are found in the table below
Values are m j1gRMS

Semsor EEYT 46 Hr
2103 [ 352 135
121604 332 147
121603 43 110
12108 33 163
HIRAP 518 279
-
Regime: | Vibratory
Category. | Crew Exercise
Source: | Velosiped (VELO VB-3M)

CEVIS

2.6

70

Velo

4.6

14

T2|(isolated)

<10

40

T2 (non-isolated)

<10

590

PIMS ISS Acceleration Handbaok
Date last modified 1273102

Gienn Research Center

cnmulative RMS

Plot Type

Notes:
To quantify the impact of a CEVIS exercise period
from four sensor locations, the cumulative RMS

acceleration versns frequency curves shown in the

s
differsnt sensors. The curves in this figure all step
up about 70 ngas at the pedaling frequency, but
vary to some degree across the rest of the
acceleration spectrum below 10 Hz The
vanability 15 expected as the SAMS sensors used
for the analysis were distrbuted throughout ER1
20d ER? 15 indicated by the legend

Regime | vibratory

Catagory || Crew
—_— & Exgometer with Vibration
SourcE § | oiation System (CEVIS)
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ISS Crew Exercise

T2 (COLBERT)
Quanti
Description
e n ; 121103
T Gomparson of isctsted v Unisclaied Exerciss on T2 N .
2t - Sensor | 500 saisec (200.00 Hz)
Exiciso GMT 176112 18. 1236 dscale) Location LABIOI. ER2, Lower Z
Baseiine GMT 176,12 13 - 1218 lsciatsd] Panel
Exories GT 19900101 -00:19 Urveolsted) o
N o AT 10020 028 Space Station Analysis
Baseine GMT 18010020 - 00:38 (Unisolated) Orientation (SSA)
Inc/Flight | Increment:24
Plot Type | Cunmnilative RMS

TOTES: (VELO VB-3M)
*  To quantify the contribution of exercise on ify
. T2, for both isolated and un-solated cases, a uantify
cumulative RMS plof was computed. For
reference, baselines were computed during
peniods of no exercise. 0520 s ot Description
N —— ' e p
®  The fable below lists the approximated -
contribution of T2 for significant bands in Scasor | Multiple Sensors
. RMS. Cutoff of 10.00 Hz
e Tooiated | Unisoiaied Location | Multiple Locations
0-10Hz |40 590 r n
' _ | S eET 7 Srieikin ls!che Station Analysis
— — = - 0-25Hz |90 620 L
Inc/Flight | Increment:25, Flight: UF4
: w0 - » = . - -
Frepuency (e} . o L Plot Type | Cumulative RMS ration Isolation System (CEVIS) Data Description
ANTIFY
Sensor | see upper left of figure
Regime: | Vibratory — NOTES
Location | see upper left of figure

To quantify the impact of VELO exercise,

Category: | Crew

Microgravity Science Division Glenn Research Center cumulative RMS curves were computer for Toc/Flight | Increment 4, Flight UF1
Source. | T2/ COLBERT L multiple sensors. The Jump at - + -
- the pedaling frequency (4.6 Hz) and the Plot Type | comulative RMS
PIMS ISS Accsleration Handbook <houlder sway (2.3 H2) can be seen in all
Date last modified 12/30/10 sl F Note:
r Contributions per component as measured by To quanify the impact of a CEVIS exercise period
each sensor are found m the table below | from four sensor locaisons, the cumulative RMS
Values aze m gRMS acceleration versus frequency curves shown m the
r figure were conputed The lepend at the upper left
15H: 46 HL L shows which trace was computed for each of the
352 135 different sensors. The curves in this figure all step
330 147 up about 70 bgasrs at the pedaling frequency, but
3 i H Y 7 H o
43 1.0 L vary io some degree across the resi of the
Freauey el e 33 63 aceeleration spectrum below 10 Hz The
518 J3K] vanabiliy 1 expecied a5 fhe SAMS sensors used
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Collectively, SAMS & MAMS Sensors Have Been Mounted |

21 Unique Locations

Current

system coord_name location_name r_orient p_orient y_orient x_location vy_location z_location
MAMS hirap LAB102, ER1, Lockers 3,4 180 0 0 138.68 -16.18 142.35
MAMS ossraw LAB102, ER1, Lockers 3,4 20 0 0 135.28 -10.68 132.12
SAMS 12102 LAB1S2, MSG, Upper Left Seat Track 0 0 20 161.95 40.39 157.64
SAMS 12103 LAB101, ER2, Lower Z Panel 0 30 -90 191.54 -40.54 135.25
SAMS 121f04 LAB102, ER1, Lower Z Panel 0 30 -90 149.54 -40.54 135.25
SAMS 12105 JPM1F5, ER4, Drawer 2 -90 -90 0 466.8 -292.06 214.58
SAMS 12108 COL1A1, ER3, Seat Track near D1 0 0 180 371.17 193.43 165.75
SAMS es05 LAB1S3, CIR, Front Panel 180 0 20 116.81 40.39 192.76
| SAMS __ _ es06_  UABIS4.FR, _________________0 ___18 ____0___ 6931 _ 4039 _ 19641
SAMS es08 COL1F2, MSG, Ceiling Plate Y1-C3 Y2-D3 0 90 -90 475.71 235.22 160.27
SAMS 12102 LAB1P3, CEVIS, Frame 0 0 -90 118.45 -38.36 170.57
SAMS 12102 LAB102, ER1, Drawer 1 -90 0 -90 128.73 -23.53 144.15
SAMS 12102 JPM1F3, TCQ, Lower Panel 180 -45 0 455.55 -227.69 229.07
SAMS 12102 COL1D3, Forward Foot of FWED 90 -45 -90 395.08 287.99 232.22
SAMS 121f05 LAB101, ER2, Upper Z Panel 90 0 90 185.17 38.55 149.93
SAMS 12108 LAB1S3, MSG, Ceiling Plate A2-A3 -90 90 0 115.21 53.41 160.98
SAMS 12108 LAB1S3, MSG, Ceiling Plate D3-D2 90 90 0 87.99 55.19 160.98
SAMS 12108 COL1A1, ER3, B2 Panel 0 180 0 374.17 166.19 157.03
SAMS 12108 COL101, FSL, ODM Seat Track 0 90 0 434,37 183.25 147.01
SAMS 12108 COL1D3, Seat Track near A3 0 -90 0 378.11 246.46 234.96
SAMS es08 COL1F2, MSG, Ceiling Plage Y1-B1 Y2-Al 0 90 90 475.63 204.91 159.95
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System Characteristics

SAMS MAMS

Frequency Range (Hz) 0.01 to 400 <0.01

Resolution <1lug ~3ng
Dynamic Range (dB) ~ 132

el Lol Lol

10 10° 10°
Quasi-Steady Regime

10" 10"
Vibratory Regime Frequency (Hz)

1 2 3
10 10 10
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